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INTRODUCTION 

This paper is designed to provide basic hydraulic 

data pertaining to filter media commonly used in water 

treatment filters. For this purpose the following materials 
were selected for evaluation: 

1) "Ottawa" sand 

2) Anthracite coal - "Anthrafilt" #1-1/2 

3) Anthracite coal - "Anthrafilt" #2 

The data obtained are applicable to the design of 
both conventional rapid sand filters and multi-media filters 
in that initial and relative head-loss may be determined. 
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EQUIPMENT AND PROCEDURE 

A filter coliunn as shown in Figure 1 was 
oonstructed in the laboratory. The coluinn consisted of an 
acrylic tube, 155 cm long with a 10.8 cm inside diameter j open 
at the top and closed with a gasketted, slide-fit cap at the 
bottom. The cap, with central 13 mm pipe outlet, supported 
a layer of 15 fflm diameter glass beads upon which a 595 micron 
screen was supported. The filter media was placed directly 
on this screen. Manometer taps were inserted into the column 
iramediately above the screen (to eliminate effects of system 
head loss) and at 2 cm vertical intervals above the screen. 
These taps were connected to a multi-bank manometer. 
Influent, consisting of tap water, was provided through 
rubber tubing connected to the laboratory potable water supply 
with free discharge to the top of the filter column. Effluent 
was discharged through the bottom pipe and flexible tubing 
to a flow meter (Fisher and Porter 1027 "Flowrator") and from 
there to waste. A control valve on the discharge line regulated 
the flow. Backwash was accomplished by connecting the dis- 
eharge pipe to the potable water supply with backwash waste- 
water discharged through a syphon (with aspirator assist) at 
the top of the column. The entire assembly was supported on 
a free-itandlnf angle iron frame* 
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fig 1 



The test procedure used for each type of media was 
similar. An amount of raw media was added to the column to 
give a workable filter depth and backwashed at a rate, and 
for a time, adequate to remove all dirt particles and 
extremely fine material. The backwash was shut off # the 
media allowed to settle, and the feed a tar ted. After the 
bed had stabilized the depth was measured. Flow rate was 
varied over the test range and bed head- loss measured at each 
flow rate increment. Each test run was duplicated by starting 
at a low flow rate, increasing in increments to the maximum 
rate and then decreasing by the same increments back to the 
starting rate. Throughout the test the influent water 
temperature was maintained at ICC-l*. After each test the 
filter was backwashed and the procedure repeated. At the 
conclusion of a test series the media was recovered, air- 
dried to a surface dry condition and weighed. A representative 
sample was submitted to a sieve analysis and the porosity of 
the material obtained by the displacement principle. (Sample 
calculations are included in Appendix A) 
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TEST RESULTS 

The results of the sieve analyses for the three 
media tested are shown in Figure 2. Analyses were done using 
the International {ISO) Standard sieve series plus inter- 
mediate sieves to provide additional values where required. 
Table 1 presents a summary of these results. 

TABLE 1 

m uc 

Ottawa Sand 0.55 ma 1.49 

Anthrafilt #1-1/E 0.95 mm 1.8 4 

Anthrafilt #2 1.70 ram 1.77 

Results of the head- loss tests for the three filter 
media are shown in Figure 3. It will be noted that more than 
one value of porosity (f)* is shown for each filter material. 
The values shown are those obtained when the material settled 
after backwash and represent the variations in porosity which 
may OGcur in actual practice. The effects of the variation 
in f are significant at high flow rates. 



*porosity - f - is defined as the ratio of the 
void volume to the total volume 
of material including solids 
and voids . 
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CONCLUSION 

The mean experimental data for each of the filte£ 

media are plotted in Figure 4, along with the theoretical 

values as computed from the formula: (1) 

fd . __1 . v^ 
h / = 1,067 „ ^4 J 



24 + 3 + 0.34 
where C^ = — ;r -=, 
d R *f^ 



1 



yd 



Us » head loss per unit filter depth 

f m porosity 

V = flow rate, cm/sec 

d = effective grain size 

It will be noted that the experimental data are 
consistently below the theoretical values- This obtains in 
spite of plotting theoretical values for a media with 
sphericity {^) of 1, i.e.: for spheres. 

If it is assumed that flow through a filter is 
Icuninar and that the porosity (f) will be approximately 
0.4, a simplified calculation of head-loss is possible. 
These assumptions are generally valid as indicated by the 
porosity values obtained in the experimental runs, and by 
calculation of maximum values of Reynold's number (R) , at 



m § « 



a velocity of 1.0 cm/sec, grain size of 0.1 cm, and kinentatic 
viscosity of 1.3 centistokes (T=10®C) . At this point R - 
7.7 which is still within the range of laminar flow. |2) 
Hith the aasoniption of laminar flow 



^d R 








where R - 


vd 






and h, » 1.067 


^d . 
f 


1 
f^ 


d 


= 25.6 


y/g . 


■ 1 





and i f f s 0.4 

2 
hy - 1,02 w/d {metric units) 

^6 



As previously stated the experiraental results 
obtained were consistently lower than the theoretical values 
calGulated by the above methods . This would indicate that a 
calculation of initial head -loss based on either of these 
methods will produce a conservative design. If initial head- 
loss is a critical factor in the design it is re commended 
that a model study be carried out. 
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SAMPLE Ciy:.CULATIONS 

Ottawa Sand 

net weight of total sample {air dried) 9929.6 gms 

voids : 

dry wt. 

loose vol. of sand 

water added 

total vol. 

apparent vol. 

therefore: void vol, 

porosity ; 

f = 240 ^ 0.387 

when volume = 620 nil/1,000 gms 

f = 0.387 when total sample occupies 
9,9296 X 620 = 6156.35 cm^ 

2 
Filter column = wk 10.76 x 1 = ^^ ^„„, 3, 

J 90.9091cm /cm 

Sand depth = 73.5 cms (TlOl) 

therefore vol. = 73.5 x 90.9091 = 6681.9 cm 
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, 000 


graa 




620 


cm 




500 


cm 


1, 


,120 


cm 




880 


Cltl 




240 


cm 



f * 6681.9 X 0.387 = 0,420 
61S6.4 
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The following graphs giviDg theoretical unit hea«|" 

loss values for various effective diameter particles at 

various flow rates were prepared from computer results of 

the empirical formula: 

C^ , 2 

hA = 1.067 ~ . i-r . X^ 

in which C^ = 1^ + -*& + 0-34 

i « 980.6 cm/sec/sec 

f ^ 0.400 

V * cm/seG 

d • oto 
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